Objectives: To estimate the prevalence of overweight and obesity in Swiss children and to obtain information on weight perceptions and weight control practices in this population. Design: Cross-sectional, three-stage, probability-proportionate-to-size cluster sampling. Setting: Middle schools throughout Switzerland. Subjects: A representative national sample of 595 6 ± 12 y-old schoolchildren. Intervention: Measurement of weight and height; interview on weight perceptions and weight control practices. Results: Body mass index (BMI) was calculated and used as an indicator of overweight. The BMIs of the Swiss children were compared with US, UK, French and Swiss reference data. Depending on which reference data were used, the prevalence of obesity varied between 9.7 and 16.1% and the prevalence of overweight varied between 21.7 and 34.2%. Girls were signi®cantly more likely to consider themselves too fat (26% and 15%, respectively) and to report currently trying to lose weight (30% and 18%, respectively) compared to boys (P`0.05). Conclusions: The prevalence of overweight in Swiss children, and its attendant health and social consequences, are important public health concerns.
Introduction
The prevalence of overweight and obesity in adults is increasing in many European countries, including Germany, Sweden, The Netherlands, Finland and the UK (Seidell, 1995) . A national survey of Swiss adults in 1993, using a body mass index (BMI) 25 kgam 2 to de®ne overweight and a BMI 30 kgam 2 to de®ne obesity, found that 21.8% of women and 39.2% of men were overweight, and 4.5% of women and 5.8% of men obese (Eichholzer et al, 1999) . Determining the prevalence of overweight in children and adolescents is more dif®cult than in adults due to a lack of consistent international criteria for classifying children as overweight or obese. Despite this, France, The Netherlands, the US, and the UK have reported recent increases in the prevalence of overweight among children and adolescents (Lehingue et al, 1996; Rossner, 1998; Seidell, 1999) . In the US, the prevalence of obesity increased from 8% to 14% in children (aged 6 ± 12 y) and from 6% to 12% in adolescents (13 ± 17 y) between 1976 (13 ± 17 y) between and 1994 (13 ± 17 y) between (CDC, 1997 .
Increases in childhood obesity may have important public health consequences. The risk of adult overweight is two-fold greater for individuals who were overweight as children compared with individuals who were not overweight (Must, 1996) . Compared to normal weight children, overweight children are at higher risk of developing coronary heart disease, type 2 diabetes mellitus, and respiratory disease as adults (Dietz, 1981 (Dietz, , 1998 . Obesity in children and adolescents is associated with the development of unhealthy eating habits, such as skipping meals and hypocaloric dieting (Steen et al, 1988) . Inappropriate weight perceptions and eating disorders are common in adolescence (Feldman et al, 1988; CDC, 1991) and overemphasis on thinness during adolescence increases risk of developing eating disorders such as bulimia and anorexia nervosa (Shisslak et al, 1990; APA, 1996) .
There are no national prevalence data on childhood overweight in Switzerland. To help guide public health policy, it would be valuable to have an accurate estimate of the prevalence of childhood overweight and obesity, as well as more information on weight perceptions and weight control practices in this age group. Therefore, we conducted a nationwide survey of body weight, body-weight perceptions and goals among Swiss children aged 6 ± 12 y.
Methods
A three-stage probability proportionate to size (PPS) cluster sampling method was used to obtain a representative national sample of 600 Swiss children aged 6 ± 12 y. This represents approximately 1 in 1000 children in this age group in Switzerland (Bundesamt fu Èr Statistik, 1996) . Using current census data, the design provided a systematic sampling of towns and cities based on the cumulative population. Stage one of the sampling involved a strati®ed random selection and recruitment of 30 schools for participation in the study. Written consent was then obtained from the community school boards. If a school declined participation it was replaced by another randomly selected school from the same stratum. In stage two, two classrooms at the appropriate grade level were randomly selected from each school. Finally, the teachers of the classrooms randomly selected students who had obtained parental consent to participate. An average of 20 students was sampled at each school, the number varying depending on the size of the classrooms. Data was collected from April through October 1999.
Height and weight were measured using standard anthropometric techniques (World Health Organization, 1995) . Height was measured using a Soehnle 5001 portable anthropometer (Soehnle, Murrhardt, Germany) calibrated with nonstretchable measuring tape. Weight was measured using a Terraillon 7022.129 electronic scale (Terraillon, Chatou, France) calibrated with standard weights. For the measurements, subjects removed their shoes, emptied their pockets and wore light indoor summer clothing. Height was recorded to the nearest cm and weight to the nearest 100 g. All of the 9 ± 12 y-old children in the study were asked to answer three simple, forced-choice questions in a semiprivate interview. The exact language was the same for each subject and all interviews were done by the same interviewer (SH). The questions were:
1.`Do you think of yourself as too fat, too thin, or about the right weight?' 2.`Are you currently trying to lose or gain weight?' 3.`Do you skip meals in an effort to lose weight?'
The third question was scored using a two-point (yesano) scale. Complete interviews were obtained from 97% of the 9 ± 12 y-old children in the study.
Body mass index was calculated as weight in kilograms divided by height in meters squared. To determine the prevalence of overweight and obesity in the sample, we compared the BMIs of the children to US and UK reference data, as well as to smaller reference data sets for French and Swiss children. Children with a BMI at or above the cut-off values (described below) were de®ned as overweight or obese. To de®ne overweight and obesity in US children, BMI at or above the sex-and age-speci®c 85th and 95th BMI percentiles calculated at 1 y age intervals for US children aged 6 ± 12 y, derived from the second and third US National Health and Nutrition Examination Surveys (Must et al, 1991a (Must et al, , 1991b were used (Himes & Dietz, 1994) . In the UK, BMI at or above the sex-and age-speci®c 91st and 98th BMI percentiles calculated at 1 y age intervals, derived from reference data on 6 ± 12 y-old British children (Cole et al, 1995) were used to de®ne overweight and obesity. In France, BMI at or above the sex-and agespeci®c 90th BMI percentile calculated at 1-y age intervals, derived from reference data on a longitudinal study of French children (Rolland-Cachera et al, 1991) were used to de®ne overweight. Because there are no national reference data for Swiss children, we compared our data to the ®ndings of the 1st Zu Èrich Longitudinal Study, a prospective study of 400 healthy Swiss children who were 6 ± 12 y old from 1960 to 1965 (Prader et al, 1989) . From the Zu Èrich Study we used BMI at or above the sex-and age-speci®c 90th or 97th BMI percentiles calculated at 1 y age intervals (from 6 to 8 y) and 0.5 y age intervals (from 9 to 12 y) to de®ne overweight and obesity (L Molinari, personal communication). Prevalence rates were expressed as percentages and 95% con®dence intervals and compared using GraphPad Prism software (GraphPad, San Diego, USA). PValues`0.05 were considered signi®cant.
Results
The mean height, weight and BMI (s.d.) of the 595 children by age and sex are shown in Table 1 . Table 2 shows the prevalence of overweight and obesity in 6 ± 12 y-old Swiss children. Depending on the reference data and BMI cut-offs used to de®ne overweight, the prevalence of overweight varied between 21.7% and 34.2%. The prevalence of obesity varied between 9.7 and 16.1%, depending on the reference data used. There was a signi®cant difference (P`0.05) between the prevalences for overweight and obesity calculated from the US and UK data, compared with those calculated from the French and Swiss data. There was no signi®cant overall difference in the prevalence of overweight or obesity between boys and girls. Table 3 shows the prevalence of overweight and obesity by age and sex, using only the US reference data and cut-offs. The highest prevalence of overweight (27.4%) and obesity (16.3%) was found in 6 ± 8 y-old boys. Among 11 ± 12 yolds, signi®cantly more girls than boys were obese (10.3% vs 7.5%, respectively) (P`0.05). Table 4 shows bodyweight perceptions and goals in the 9 ± 12 y-old children. Girls were signi®cantly less likely to consider themselves at the correct weight than boys (71% and 83%, respectively; P`0.05). Girls were signi®cantly more likely to consider themselves too fat (26% and 15%, respectively) and to report currently trying to lose weight (30% and 18%, Overweight and obesity in Swiss children MB Zimmermann et al respectively) compared to boys (P`0.05). Moreover, 14% of female subjects who considered themselves at the right weight were trying to lose weight. Girls were signi®cantly more likely than boys to report having skipped meals in an effort to lose weight (P`0.05).
Discussion
The prevalence of childhood obesity reported in this Swiss sample (9.7 ± 16.1%) is similar to that found in children of comparable age in the United States in 1994, when the prevalence of obesity among children aged 6 ± 11 y was estimated to be 13.7% (CDC, 1997). Several European countries and the US have reported an increasing prevalence of overweight among children and adolescents (Lehingue et al, 1996; Rossner, 1998; Seidell, 1999 The trend of increasing BMI is also evident in girls. For example, in the ZLS, 10% of 12 y-old girls had a BMI 20.7 and 3% had a BMI 22.4; in the present study, the corresponding percentages for 12 y-old girls were 33% and 26%. Although obesity may contribute to morbidity in childhood (for example, as a risk factor for childhood hypertension), its main importance as a public health problem is that it commonly tracks into adulthood (Rolland-Cachera et al, 1987; Guo et al, 1994; Must & Strauss, 1999) . In the US, the risk of developing adult obesity (BMI 28) in children aged b 9 y who are obese approaches 80% at age 35 y (Guo & Chumlea, 1999) . Risk factors for adult disease that are associated with childhood obesity may persist into adulthood or increase in prevalence if weight gain occurs (Dietz, 1998) . Furthermore, a high childhood BMI has been associated with increased all-cause and cardiovascular adult mortality (Gunnell et al, 1998) .
The ®ndings of this study are subject to several limitations. First, the health pro®le of students in schools not willing to participate may differ from that of schools that participated. However, only ®ve schools refused to participate and every effort was made to randomize the selection and to obtain a representative sample of schools in urban and rural areas and from geographic locations throughout Switzerland. Second, bias may have occurred because of parents' unwillingness to provide informed consent. Because parental response at most schools was excellent, this was unlikely to be a signi®cant source of bias the study. Third, although the small sample size may reduce the precision of the ®ndings, the sample of 600 students aged 6 ± 12 y represents approximately 1 in 1000 Swiss children in this age group. Finally, BMI has become a widely accepted index for classifying adiposity in adults, but its validity as an index of fatness in children has not been as extensively studied. However, a recent report from Goran BMI at or above the sex-and age-speci®c 85th or 95th BMI percentiles calculated at 1 y age intervals for healthy White US children, derived from the second and third US National Health and Nutrition Examination surveys (Must et al, 1991a (Must et al, , 1991b .
BMI at or above the sex-and age-speci®c 91st or 98th BMI percentiles calculated at 1 y age intervals, derived from reference data on UK children (Cole et al, 1995) . e,f BMI at or above the sex-and age-speci®c 90th and 97th BMI percentiles calculated at 1 y age intervals, derived from reference data on French children (Rolland-Cachera et al, 1991) . g,h BMI at or above the sex-and age-speci®c 90th or 97th BMI percentiles calculated at 1 y age intervals (from 6 to 8 y) and 0.5 y age intervals (from 9 to 12 y), derived from the 1st Zu Èrich Longitudinal Study (L Molinari, personal communication). Table 3 Prevalence of overweight and obesity (%) by age and gender in 595 Swiss children using BMI as the indicator of weight status and US reference data and cut-off values a 6 ± 8 y 9 ± 10 y 11 ± 12 y All a BMI at or above sex-and age-speci®c 85th and 95th BMI percentiles calculated at 1 y age intervals for healthy White US children, derived from the second and third US National Health and Nutrition Examination surveys (Must et al, 1991a, b) . Overweight and obesity in Swiss children MB Zimmermann et al et al (1996) found that measurements of BMI in children show good correlation with body fat percentage. When compared with percentage body fat in children measured with dual-energy X-ray absorptiometry (DXA), the correlation coef®cient is in the range of 0.7 ± 0.85 (Dietz & Bellizzi, 1999) .
To describe the prevalence of overweight in this study, we used BMI cutoffs of percentiles for age and sex relative to several reference populations. There are several limitations to this approach. The prevalence of overweight and obesity is set to a ®xed proportion for all ages of both sexes, regardless of body composition or proportions. Also, to de®ne percentiles, a reference population is needed. Ideally, countries should collect their own reference material, and many have. Other countries use published US, UK or French standards (Guillaume, 1999) , as we have in this study. However, the reference data and the percentile limit of reference standards at different ages from different countries vary. For example, children older than eight years from the France appear to be systematically smaller than their UK and US counterparts (Cole et al, 1995) . Further complicating comparisons, cutoff points for BMI used to de®ne overweight and obesity in childhood by different countries vary between the 85th and 97th percentile (Guillame, 1999) . Differences in reference data and BMI cutoff values can produce varying estimates of the prevalence of obesity when applied to other countries. This is illustrated in Table 1 , where signi®cantly higher prevalence estimates of overweight and obesity were obtained when the French reference data and cutoffs were used as the reference, when compared with the US and UK data and cutoffs (32.8% vs 23.5% and 21.7%, respectively).
To increase the reliability of the questions asked about body-weight perceptions and goals, we chose simple, forced-choice questions, and the interviews were done in relaxed semi-private setting. One in four girls aged 9 ± 12 y considered themselves too fat and nearly a third were currently trying to lose weight. Moreover, 14% of girls who considered themselves at the right weight were trying to lose weight, and 7 ± 8% reported having skipped meals in an effort to lose or control their weight. Potentially harmful weight-loss practices and negative attitudes about body size have also been reported among US and UK girls as young as 9 y of age (Mellin, 1988; Maloney et al, 1989; Mellin et al, 1992; Roberts et al, 1999) . Hypocaloric dieting and recurrent weight¯uctuations in children and adolescents increase the likelihood of weight gain and obesity in adulthood (Mellin, 1988) . In addition, strenuous dieting for weight loss may decrease growth velocity, delay pubertal development and produce nutritional de®ciencies (Mellin, 1988; Kaplan & Toshima, 1992) .
Our data suggest that the prevalence of overweight in Swiss children, and its attendant health and social consequences, are important public health concerns. Because treatment is often unsuccessful, prevention is the best way of controlling overweight (National Institutes of Health, Technology Assessment Conference Panel, 1993) . Health programs in Switzerland that could address these issues include nutrition education and appropriate physical activity targeted to primary and early secondary school children. Because excessive caloric restriction andaor skipping meals may be detrimental in rapidly growing children, the emphasis should be placed on increasing energy expenditure through physical activity.
